Real estate market is a complex system. A rational real estate market is not only helpful to people's living standards but also bene cial to countries' macroeconomic stability. Is Chinese real estate market rational? is paper attempts to study the e ciency of Chinese real estate market by using the complexity-entropy binary causal plane method. We rstly discuss the formation mechanism of real estate price, which provides a theoretical basis for testing the e ciency, and compute the real estate market e ciency of 70 main Chinese cities. e results show that neither the whole market nor the main cities have reached the weak e ciency, and the e ciency and complexity of each city are di erent, and the relationship between them is signi cantly negative. In addition, this paper also compares the e ciency and complexity of Chinese real estate market with American real estate market. en, some suggestions for the healthy development of Chinese real estate market in the future are put forward.
Introduction
In July 1998, the notice of the State Council on further deepening the reform of the housing system and accelerating the housing construction was issued, which clearly put forward the reform goal of developing the housing trading market and accelerating the housing construction. Since then, the welfare housing system traversing nearly 40 years has been withdrawn from the historical stage. "Marketization" has become the new theme of the real estate system. Real estate began to appear as a commodity. From then on, real estate is not only an essential element to satisfy the basic residential attribute of residents but also an indispensable part of family property. Nowadays, real estate is not only a commodity but also an asset. With the development ofnancial industry, real estate has gradually become a major tool for investment and speculation. At the same time, the market size of real estate has gradually become larger and larger. By 2018, the added value of real estate industry has accounted for nearly 7% of GDP, while the contribution of real estate and its related industries to Chinese GDP has reached about 1/3. It can be said that Chinese real estate has achieved great success in development size and speed after nearly 20 years of continuous reform and exploration. At the same time, the real estate has played a signi cant role in pushing the progress of other industries related to itself, dramatically promoting the rapid development of the national economy.
However, Chinese real estate price has kept increasing rapidly in recent years. Subsequently, the ratio of housing price to income is seriously unbalanced, and the house price bubble accumulates gradually. It can be seen that this abnormal high-speed rising trend has brought many potential problems. On the one hand, the imbalance of super cial demand and supply caused by the rapid rise of house prices will lead to an overheated economy and lead to housing price bubble, which has a signi cant crowding out e ect on the real economy. Once this rapid growth cannot continue, the bubble will collapse and then result in the slump in the overall economy. More seriously, it will push the economy into depression, for instance, the subprime crisis caused by the breakdown of real estate market in America in 2007. at crisis was a financial-market mess, as well as a housing one. On the other hand, the rapid rise of housing price or irrational housing price will lead to a dramatic decline in the housing consumption level of most ordinary people and affect people's living standards. Also, it does harm to the stability of economy and society.
In view of the importance of the reasonable and orderly development of the real estate market, it has become a matter of concern for many scholars to evaluate and quantify the efficiency of the market. Meese and Wallace [1] applied the efficient market theory to the real estate market in San Francisco and found that the real estate market in that region is efficient in the long term, but inefficient in the short term, owing to the deviation caused by the transaction cost between the housing price and fundamental value. However, other scholars believed that it was the existence of market bubbles and irrational expectations, both of which led to this bias and further led to the inefficient market, such as Clayton's [2] continuous rational housing price model. e analysis about housing price efficiency varies from the angle of study. Case and Shiller [3] proposed a new method to examine the applicability of "Efficient Market Hypothesis" in real estate market in different American cities by using excess return rate. ey argued that the reason for housing inefficiency was because the interest rate was not correctly estimated. Abraham and Hendershott [4] used the economic fundamental information to measure the efficiency of real estate market in 30 cities of the United States and calculated the deviation degree between the fundamental price and the actual housing price. ey finally thought this deviation as the bubble of housing price. Grenadier [5] studied this issue from the perspective of vacancy rate. He attributed the inefficiency of the real estate market to the high vacancy rate, which was caused by monopoly. Kunzel [6] made a more comprehensive analysis of the efficiency of real estate market and proposed that the inefficiency of housing price originated from several reasons: space restriction, long construction period, transaction cost, speculation, and so on.
Domestic scholars' research on this problem is relatively behind. Wang et al. [7] applied the sequence correlation method to test whether the housing price index of China 1998-2004 conformed to the random walk model and obtained a negative conclusion, that is, the real estate market of China had not yet reached weak form efficiency. In addition to the newly constructed houses, the second-hand real estate market is also worth the attention. Xie [8] conducted an empirical test on newly constructed real estate market and the second-hand real estate market in Shanghai by collecting the quarterly data of CFS Shanghai index from 2005 to 2013. e test methods included unit root test and sequence correlation test. e results showed that the efficiency of each market segment in Shanghai was not the same. Among them, the office market and shop market in the new real estate market and the rental real estate market in the secondhand real estate market had reached weak form efficiency, while the real estate market in the new real estate market and the sales real estate market in the second-hand real estate market had not. However, the results of the sequence correlation test showed that the efficiency of each market segment and the overall real estate market in Shanghai failed to achieve weak form.
In order to study the efficiency of Chinese real estate market, this paper first puts forward the theory about the housing price mechanism, which provides a theoretical foundation for testing the efficiency of real estate market and then conducts empirical test with the complexity-entropy binary causal plane method. e results show that the real estate market of 70 main Chinese cities as well as the overall Chinese real estate market does not reach weak form efficiency. e degree of efficiency of each city shows difference and is significantly negatively related to the corresponding degree of complexity. In addition, in order to control housing prices and promote the orderly development of the real estate market more effectively, we further compare the efficiency of real estate market in China with that in America, whose real estate market has also experienced many boom years. Combined with the historical experience in the real estate industry development of two countries, this paper analyzes the reasons that why there are differences in the efficiency of the real estate market between two countries and then puts forward some valuable suggestions for the healthy development of Chinese real estate market in the future.
A novel feature of our study is that we propose a novel method called complexity-entropy binary causal plane method to detect the hidden structure in the housing price and get the efficiency and complexity of real estate market in 67 main cities and overall China. We collect the monthly data of 67 main cities of China during 2005 to 2017. With a wide range of samples and a long period of time, our result can be regarded as representative, so we think there is reference value for cities to implement policies to maintain the stability of housing prices. Moreover, we conduct the comparative study of the efficiency of the real estate market in China and in America. e results provide a direction for learning from foreign advanced management and regulation experience. e rest of the paper is organized as follows. Section 2 clarifies the theory of housing price mechanism. Section 3 develops the efficiency and complexity measure method based on the complexity-entropy binary causal plane method. Section 4 conducts empirical analysis to demonstrate the efficiency of real estate markets in China and America. Finally, Section 5 concludes our paper.
Theory about Housing Price Mechanism
Analogous to the efficiency theory of financial market, the efficiency of real estate market can be described as follows: housing price can quickly respond to all kinds of relevant information so that actual housing price is consistent with its intrinsic fundamental value. erefore, the research on the efficiency of housing price should first clarify the formation mechanism of housing price. e process of how the real estate market price is formed under the principle of noarbitrage pricing is presented as follows.
Suppose that the participants in the real estate market (taking the buyer as an example) at time t have two choices:
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(1) buying a house to live in, where the price is p t ; (2) renting a house to live in, where the rent is d t per month. Under the condition of short selling, above two cases should be the same, that is,
where r f denotes the risk-free rate. If the right-hand side in equation (1) is not equal to the left-hand side, an arbitrary opportunity will appear. Specifically, if there is
we can make an arbitrage by constructing following portfolio: firstly, borrow money from a bank to buy a house and rent it out at a price of d t per month and then repay the bank loan by installments. It is clear that the investor can make profit easily. We assume that the market participants are rational. ey can find this arbitrary opportunity and then perform the same behavior that participants all buy houses to rent them out. In this case, the house price will rise and the rent will decline until equation (1) holds true. After this game, the arbitrary opportunity will disappear and the market reaches no-arbitrage equilibrium. On the contrary,
the participants can conduct the opposite arbitrage until a new equilibrium appear. However, if the short selling is limited, the price cannot reach equilibrium by arbitrages. ere will always exist
At this time, the actual house price can be described as follows:
where p * t is the basic value of a house and h t denotes the extra price that can contribute to arbitrage.
On the other hand, Pan and Wang [9] analyzed the formation of housing price from a rational perspective. ey believed that the actual market price would deviate from the basic price if the market is irrational. Accordingly, there also exists bias between actual house price and its theoretical price in irrational real estate market. is situation yields the following price rules:
where b t denotes irrational price or house price bubbles, deviating from the basic value [10] . In most cases, b t > 0. Generally, b t < 0 will not occur. But it also may appear due to the impact of demand in the actual transaction. In the statistical sense, it should be positive.
Comparing these two price formation mechanisms, b t in formula (3) belongs to the irrational component, while h t in formula (2) belongs to the reasonable component, or at least some of which are reasonable. For the simplification of presentation, we just think b t as a reasonable component and think h t as an irrational component. In this way, after considering the irrational component, we propose that the house price is formed by following components:
e real estate market is efficient when market participants are fully rational. At this time, the irrational component b t does not exist, and the housing price can be characterized by equation (2) . From the perspective of market efficiency theory, this means E b t � 0 and b t follows random walk.
en, b t can be expressed as
In this way, we can judge the efficiency of real estate market by testing whether series b t has random walk characteristics.
However, it is not easy to get the basic value
in theory, future cash flow of yield d t cannot be obtained. Moreover, the computation of h t is more difficult, as a kind of right of resale or convenience yield. Such fact makes it difficult to get the irrational price b t and test the efficiency of markets.
en, we decide to start with the ratio of house price to income. As the main indicator to measure the purchasing power of housing in a certain period, the ratio of house price to income is also the basic index to evaluate whether the housing market is healthy [11] . In the early 1990s, Andrew Hamer, a World Bank expert, conducted a study on the reform of Chinese housing system and gave a ratio from 4 times to 6 times. is interval is considered as ideal by the World Bank. According to the relevant data published by the United Nations, the dispersion about the ratio of house price to income in different countries is quite large. According to the statistical results of 96 countries in 1998, the ratio of house price to income in these countries ranged from 0.8 to 30, with an average value of 8.4 and a median value of 6.4. Chen [12] believes that the ratio of house price to income is reflection of real interest rate and is the most accurate indicator of housing price. In general, the ratio k t of average house price to income of a country or region is usually calculated by
where p t denotes the average price of a house and I t denotes the average annual income of a family. According to the theory about the ratio of house price to income, the housing price and income ratio should be kept within a suitable interval in a reasonable real estate market. Otherwise, it is an unhealthy market, where the house price is always underestimated or overestimated (generally overestimated). In other words, there are irrational components or bubbles in the real estate market. If there is an irrational component, the market is considered to be inefficient. From a general equilibrium perspective, all the borrowing and lending in a region would offset, only leaving income to support house prices. erefore, a reasonable housing price should be in proportion to personal income.
is viewpoint has been proved by Case and Shiller [13] . ey think that there is a stable relationship between Complexity 3
personal income and housing price if a housing price bubble does not exist. In order to measure the efficiency of the real estate market, we just need to consider whether the rest of housing price that is not fully explained by income is efficient or not, that is, whether it has the characteristics of random walking. In addition, the reasonable ratio of house price to income is basically stable. In other words, it is a constant or k t � k. To generalize the model, we add an intercept term, so we can get
, and it is a random disturbance term and satisfies E[ε t ] � 0. At this time, we can test the efficiency of real estate market by calculating the relevant measures of ε t with the permutation entropy method.
Efficiency Measure Based on Complex-Entropy Binary Causal Plane Method
In recent years, system complexity and nonlinear dynamic methods have been paid more attention. Zunino et al. [14, 15] pointed out that it can effectively detect the structural information hidden in system noise, even if the system is at the edge of chaos. In the process of empirical test, we use the complexity-entropy binary causal plane method based on b t to detect the hidden structure of real estate market price and then measure its efficiency and complexity. is method, as proposed in the work of Rosso et al. [16] , can not only distinguish Gaussian and non-Gaussian processes but also demonstrate their correlation degree. erefore, it is considered to be a good method to test the market efficiency.
Market Efficiency and Shannon Entropy.
Entropy can accurately test the uncertainty and confusion of time series without any additional restrictions on the distribution. If the price follows a pure random walk, then there will not exist correlation relationship between time series, where the entropy of the sequence is the largest and represents a completely disordered state. Otherwise, it is difficult to reach the maximum entropy. It was Gulko [17] who firstly applied entropy to study financial time series by showing that the maximum-entropy formalism, also called informational efficiency, made the efficient market hypothesis operational and testable. If the market is efficient, the time series will satisfy random walk and the normalized entropy is 1. e smaller the entropy is, the harder the market reaches random walk and the less efficient the market is. erefore, the normalized entropy (relative maximum entropy) can be applied to measure the real estate market efficiency. ere are many proposed concepts of entropy. Matesanz and Ortega [18] proposed Shannon entropy, Renyi entropy, Tsallis entropy, approximation entropy, and so on. Risso [19] pointed out that Shannon entropy is the most widely used entropy in financial market. For a given probability distribution P � p i : i � 1, . . . , N , Shannon entropy is defined as
It is clear that when the probability distribution is uniformly distributed, that is, P e � 1/N, . . . , 1/N { }, the Shannon entropy can reach the maximum value, and S max � S[P e ] � ln N. On the other hand, if there is a deterministic event, the corresponding distribution can be expressed as P 0 � 0, ...1..., 0 { }, and the value of Shannon entropy is 0.
Permutation Entropy.
Before calculating the entropy value of a given time series, we generally need to deal with the series to get the corresponding distribution. Rosso et al. [16] found that if the basic probability distribution took the causal relationship between time series into account and then used the above information measure the entropy, the result would be excellent. More importantly, the difference between chaos and randomness can be clearly distinguished. Later, Bandt and Pompe [20] successfully proposed a symbol method based on the reconstruction of phase space, which could introduce such causal relationship into the basic probability distribution. It was suggested by Ridel et al. [21] that this method was the only popular method considering the intertemporal structure of time series so far. It has been used to study the efficiency of crude oil markets [22] , foreign exchange markets [23] , and stock markets [14] . is method can be summarized as follows:
(1) Given a time series x t : t � 1, . . . , M . Embedding dimension is D, and time delay is τ. e connection between dimension D and new subsequence is represented as follows:
We call it the ordinal pattern of embedding dimension D. As for any time s, there is always a new subsequence mapping to it, which is formed by a vector with dimension D as shown in formula (10) . It is easy to notice that the larger dimension can incorporate more historical information. (2) Each subsequence i is sorted in ascending order. We can obtain a new set related permutation, marking it as π i � (r 0 , r 1 , . . . , r D− 1 ) i . e rearranged series is
(3) For each dimension, there is D! kinds of arrangement. e probability distribution of the permutation in these time series is given by
where s satisfies formula (10) and # denotes the number of occurrences of the permutation π in the class. According to above steps, the probability distribution of each ordinal pattern in the time series can be obtained. In order to obtain a more accurate distribution, the length of time series M is required to be infinite. So, we can get the corresponding distribution when embedding dimension D and delay time τ are given. For achieving more reliable statistical results, it is generally suggested M ≫ D! [24] . Bandt and Pompe suggested 3 ≤ D ≤ 7 in practical applications. As for the time delay, τ � 1 is common. Of course, there are also different selections (for details, see the literature [25] ). Some recent applications and development of permutation entropy also can be seen in related literature [26, 27] .
Complexity-Entropy Binary Causal Plane Method.
In addition to permutation entropy, Lamberti et al. [28] pointed out that statistical complexity measure (SCM) can also be used to measure the efficiency of markets. SCM can not only detect the dynamic details of the system but also distinguish the periodicity and the degree of chaos, which is superior to the entropy measure. Mathematically, SCM is defined as follows:
where H S [P] is normalized Shannon entropy, and it is defined as
And Q J [P, P e ] is the Jensen-Shannon divergence; it is defined as
where J[P, P e ] � S[(P + P e )/2] − S[P]/2 − S[P e ]/2 and Q 0 � 1/J[P 0 , P e ]. SCM can describe the structural complexity of a system, which cannot be achieved by entropy just measuring randomness. Different entropy values mean different randomness, but they may have the same SCM value because they have the same complexity. e larger the SCM value is, the more complex the system is. Accordingly, the correlation degree of sequences in the system is higher. We take two simple examples to further illustrate the difference between SCM and entropy. e entropy of linear data is 0, and the entropy of absolute fair dice game is 1. However, both their SCMs are 0 because of simple systems. erefore, the binary causal plane method formed by the combination of permutation entropy and SCM can characterize the efficiency of markets better. is method analyzes the market function from different perspectives and then takes the structure of real estate market into consideration. ere is no doubt that more available market information is incorporated in this method. Zunino et al. [15] adopted this method to measure the efficiency of global major stock markets and found that this method could not only accurately identify the markets of developed and developing countries but also divide the markets of many countries into more categories, fully reflecting the discrimination ability of the model. eoretically, the higher the complexity of a financial market is, the stronger the randomness and disorder of the market will be. At this time, the corresponding permutation entropy will be larger, that is, the permutation entropy is positively correlated with complexity. On the other hand, the higher the degree of disorder and chaos in the market is, the higher the probability that the market tends to be invalid is, that is, the permutation entropy is negatively correlated with the efficiency. erefore, it can be considered that the complexity of the market is negatively correlated with its effectiveness through the transfer of permutation entropy (see Rosso et al. [29] and Shaobo et al. [30] ).
Empirical Analysis

Data and Statistical Description.
We initially take the 70 main cities defined by National Bureau of Statistics (NBS) as our research objects. Due to the lack of relevant data of Anqing, Dali, and Yangzhou, we finally select the remaining 67 cities as our research objects. To simplify the presentation, we number the cities from 1 to 67 according to the alphabetical order of cities. At the same time, the overall real estate market in China is also incorporated into our study and numbered as No. 68. e data of each research unit used in the empirical test mainly involve three indicators: house price index (HPI), consumer price index (CPI), and per capita income index (PPI). We collect the data from Wind database and Chinese economic and social big data research platform. Considering the availability of the data, the time interval of the sample data spans from July 2005 to December 2017, and we have a total of 150 monthly samples. For convenience, we set the HPI in July 2015 as 100 points and treat it as the basis. Average monthly salary of residents is a proxy variable of PPI. As for the CPI, we set the CPI in July 2015 as 100 points and treat it as the basis, same as HPI. A few missing data are interpolated by linear interpolation. Table 1 shows the simple descriptive statistics of HPI in Chinese overall real estate market. From Figure 1 , we can see the specific trend of HPI from 2005 to 2017. Combined with Table 1 and Figure 1 , the overall housing price in China presents an overall upward trend during the sample period. Chinese housing prices have risen about 1.7 times since July 2005, with a monthly average growth rate of 0.0036 and an annual average growth rate of 0.0576. Although the fluctuation of Chinese housing price is small on the whole, its fluctuation frequency is high. From July 2005 to the end of 2017, Chinese housing price experienced at least 7 fluctuations. Besides the role of market itself, most of these fluctuations are related to the government's regulation policies. ere are several severe fluctuations that deserve attention. Affected by the global financial crisis in 2008, housing prices began to fall sharply in October 2008. However, with the issue of several stimulus policies of the government, housing prices began to recover and rise in April 2009, which led to the steady rise of housing prices in later three years. In 2011, many cities successively launched the control policies centering on the purchase restriction. In October 2011, the housing price dropped slightly. However, with the implementation of easy monetary policy in 2012 and the reduction of bank reserve ratio, the real estate Complexity 5 market began a new growth period. In the latter half of 2014, the real estate market got into murky situation. is is due to the combined effect of regulatory policies and anticorruption efforts. But the new "330 policy" (a new real estate regulation and control policy on March 30, 2015) and the two interest-rate cuts in the latter half of 2015 initiated a wild rising tendency in a new round for housing prices. In 2016, due to the shortage of land, there was even a phenomenon that flour was more expensive than bread, which made the real estate market to be concerned again. In 2017, housing prices remained high, but the growth rate had been slower than that in 2016.
Considering the large amount of data, the basic descriptive statistics of HPI of 67 main cities cannot be fully presented due to space constraints. Here, we just demonstrate the HPI trend of each city, as shown in Figure 2 .
As can be seen from Figure 2 , housing prices in China had a rise tendency before 2015, but the tendency was moderate. It was after 2015 that severe fluctuations in housing prices occurred in many cities. From 2015 to 2016, housing prices soared rapidly, which was the fastest growth in the latest decade. Housing prices in many cities became relatively stable until 2017. In 67 cities, Wenzhou (No. 50) and Shenzhen (No. 44) are relatively special samples on studying the housing price. After the financial crisis in 2008, Chinese government launched "4 trillion stimulus plan" to stimulate the economic recovery. In the first half of 2009, housing prices in Wenzhou took the lead in response and started a new round of surge. At that time, housing prices in Wenzhou were even far higher than the first-tier cities, leading the country. However, bubbles would burst sooner or later. Its housing prices declined steeply in the latter half of 2011. is price change lasted for more than 20 months. en, a large number of investors and speculators withdrew from the property market. Although the government adjusted the purchase restriction policy, it achieved little success in saving the property market. In the next years, the property market was in a mild state until the appearance of property boom in 2016. Before 2015, Shenzhen real estate market compared with other first-tier cities seemed to be depressed, but after 2015, housing prices in Shenzhen rose rapidly and the increase was nearly 50% just in 2015. It is not only because of its strong ability to absorb population, resulting in huge housing demand, but also because of the government's deregulation policy, reducing the real estate market access threshold of residents.
Econometric Model Setup.
We have mentioned that reasonable housing price in general equilibrium state is proportional to income. erefore, if we take per capita income of residents as the independent variable and housing price index as the dependent variable, we can construct a linear econometric model as follows:
where i denotes the number of research object, t denotes the time, p it is the HPI of research object i at given time t, PPI it is the corresponding average income, and ε it is a random disturbance term. Based on the above theory, we just need to analyze the residual series ε it to test the market efficiency. Firstly, we carried out the regression analysis on collected data according to the established econometric model e results show that HPI has positive correlation relationship with the PPI to some extent, but the correlation degree varies with cities. In most cities, the results of t-test aimed at regression coefficients are significant at the 1% confidence level, and the p value approaches to 0. However, the t-test results of 8 cities, including Guilin, Huizhou, Xiangyang and so on, cannot realize significance at the 10% confidence level. It is clear from Figure 4 that not all housing price indexes can be fitted well by per capita income of residents. As for most cities, the explanatory power is poor. ere are 17 cities whose goodness of fit is even lower than 10%, and the number of cities whose goodness of fit is higher than 50% is only 16. It implies that PPI cannot account for most of the variations in HPI, which is not consistent with the feature of a rational real estate market. However, this irrational phenomenon is in line with Chinese current real estate development status. In other words, there exist house price bubbles. Only under the condition of deep marketization, the housing price is obviously proportional to the per capita income. But the government's intervention policies play an important role in leading to the fluctuations of housing prices nowadays, besides the market's spontaneous adjustment.
Efficiency Test.
Based on the complexity-entropy binary causal plane method, the residual in model (16) is used as the bridge to test the efficiency of Chinese housing price. In the practical application, we make the delay time τ � 1 as usual. And it is suggested that the embedding dimension D should satisfy M ≫ D!, where M is the number of samples. In our study, M � 150, so the embedding dimension can take 2, 3, 4, or 5. By comparison, we determine the optimal embedding dimension D � 5. is process can be illustrated by Figure 5 .
ere are different outcomes of 8 embedding dimensions as seen in Figure 5 . When the dimension is gradually increased from 2 to 5, the correlation between permutation entropy and complexity is still the same, that is, a negative correlation. However, when the embedding dimension D is larger than 5, the relationship between them is suddenly reversed, that is, a positive correlation. erefore, it is valid to set D � 5. In addition, as the embedding dimension changes, the degree of divergence for different points also changes. We can find that it can distinguish each state to the greatest extent at D � 5, and the effect of remaining dimensions gradually declines, such as D � 2 and D � 8. It is shown on the graph that all points are concentrated in a narrow area. It is easy to explain this phenomenon. When the value of embedding dimension is small, there are few states. For example, there are only two states when D � 2, which is naturally difficult to distinguish. In an extreme case, there is only one state when D � 1, and the results of all states must be the same. It does not make any difference. On the other hand, when the value of embedding dimension is large, we can get a large number of states. For example, there is 40320 states when D � 8, but we only have 150 samples. ese samples can only touch a limited number of states. Other states are not accessible at all, which results in the poor performance of divergence. Also, this explains why M ≫ D! is usually required.
After determining the optimal embedding dimension, we begin to calculate the complexity and efficiency of real estate markets. Table 2 shows the descriptive statistics of them.
For intuitive expression, we plot the results into a complexity-entropy binary causal plane. Figure 6 shows the complexity-efficiency binary map of 67 cities' real estate market. It can be found that there is higher efficiency and lower complexity at the lower right corner, in which the real estate market is more efficient and simpler. Otherwise, the market efficiency is low and the market structure is complex. According to the empirical results, China does not have completely efficient real estate market, that is, no real estate market is completely random. e city with the highest efficiency in Chinese real estate market is Tangshan (No. 48), whose efficiency has been over 0.91. Also, this city has the lowest complexity, which is only 0.103. On the contrary, the real estate market of Shenzhen city (No. 44) is the least efficient and most complex. To further study the relationship between the efficiency and complexity of the real estate market, Table 3 lists the top 10 cities in four extreme cases. ey are the most efficient, the least complex, the least efficient, and the most complex, respectively. It is easy to see from the cities listed in Table 3 that there is a significant relationship between the efficiency of real estate markets and the complexity of them.
Market efficiency indicator H S reflects whether the real estate market price can fully respond to the market information. It has been proved by our empirical test that the real estate markets of 67 main cities do not reach weak form efficiency, which implies that housing prices have a poor performance in responding to the market information and the liquidity of information is not enough. is is related to the nature of the real estate market. Compared with other capital markets, the real estate market has many unique characteristics, such as industrial barriers to entry, regional differences, vulnerable to policy, and housing heterogeneity. Also, there is a monopoly phenomenon in the land development rights. Under the function together with the aforementioned factors, there is less probability to form the housing price just by the complete market competition. e efficiency of market information transmission becomes low, so it cannot meet the requirements of a weak form effective market. Furthermore, it is much difficult to quickly make the market weakly effective and meet the basic housing needs of residents only by relying on the spontaneous regulation of market. erefore, considering the importance of real estate market to the national economy and people's livelihood, it is indispensable for the government to implement some reasonable and effective regulation measures and policy guidance. Complexity e market complexity indicator C JS represents the complexity of the market structure itself. ere are always multilevel markets or various factors affecting the market price, especially nonmarket factors derived from government intervention. It has been illustrated by the complexity of real estate markets in main Chinese cities. Cities with a relatively complex real estate market structure in China are mainly concentrated in first-tier cities, represented by Beijing, Shanghai, Guangzhou, and Shenzhen. ese cities have more advantageous resources, thus leading to a massive influx of population and then forming a sharp expansion of housing demand and pushing housing prices further. At this time, the spontaneous regulation of the market could not meet the needs of residents. In order to coordinate the unbalanced allocation of resources and stabilize social development, the government has to take a series of regulation measures, which increased the complexity of the market structure inevitably. As for those less developed cities, the complexity of their real estate market structures is relatively low because of stable supply and demand relationship, better spontaneous regulation ability, and less government intervention. e lower C JS is, the simpler the market structure is and the easier it is to be improved. Conversely, the more complex the market structure is, the more difficult it is to be governed. For the market with complex structure, it is necessary to analyze different factors more comprehensively and take targeted combination measures. Generally, market efficiency is highly correlated with complexity, but not always. e previous empirical results have revealed this point. Due to the disadvantages brought by complexity market structure, it is more difficult to deal with the higher complexity market when the degree of efficiency is at the same level.
Efficiency Comparison of Chinese and American Real Estate Markets.
e development of American real estate market has gone through many years, most of which was relatively stable and made great contributions to the healthy and rapid development of American economy. Moreover, American market has experienced a huge crisis, especially the global financial crisis caused by the burst of the real estate bubble in 2007. After the crisis, the real estate was still an important engine of economic growth in America. With the recovery of American economy, the real estate industry also took a turn for the better. From the perspective of economic cycle, the development of the real estate market in the United States has gone through a complete economic cycle. Moreover, the housing system of the United States was recognized as a relatively successful system by housing experts from all over the world at that time [31] . e United States adopted government intervention, but did not "take all risks." It not only had appropriate social security of the government but also made the residents do their best to afford housing consumption.
Although the national conditions and economic development stages are obviously different, China and United States are both big countries, and there is heterogeneity of development between different cities or regions. After the reform and opening up in 1978, China took the road of unbalanced development and adopted the development strategy of "give priority to supporting the development of the eastern coastal areas." After years of development and accumulation, this strategy directly led to the regional imbalance of economy among the central, western, and eastern regions. Even in the same region, regional central cities and other noncentral cities have differences. Compared with the noncentral city, the central city gathers more resources and capital, promotes the development of local economy, attracts more people to gather in the central city, and improves the local house price. is is the same in China and the United States. Song and Gao [32] pointed out that due to the influence of geographical factors and economic development level, the American housing price growth of nine regions divided by the federal real estate industry monitoring office had huge difference, even among different states in the same region. However, even in this unbalanced development situation, the real estate industry in the United States has become the driving force of economic growth, while providing sufficient social security. erefore, it has important reference and warning value for Chinese real estate industry if we take it as the object of comparative study. In order to study the efficiency of the American real estate market, we select 50 states and the District of Columbia as our research objects. Similar to China, we also studied the efficiency of American overall real estate market. We collected relevant data from the first quarter of 1975 to the first quarter of 2014, summing up to 157 quarters. Individual missing data were supplemented by linear interpolation, and we made seasonal adjustments to eliminate the influence of seasonal factors. Using the same econometric model and test method, we obtained the efficiency and complexity of American real estate market. As can be seen from Figure 7 , the real estate market of each state and the overall market in America have not reached a weak efficient state, which is the same as China. e state with the highest degree of efficiency in American real estate market is Mississippi, whose efficiency reaches 0.886, while its complexity is only 0.201 at the lowest complexity level in America. On the other hand, the state with the least efficient and most complex real estate market is California. Its efficiency and complexity are 0.616 and 0.352, respectively. e significant negative correlation between the efficiency and the complexity in American market is consistent with that in Chinese market. To further illustrate the relationship between efficiency and complexity, Table 4 shows the top 10 states in four extreme cases in American real estate market.
Combined with Tables 3 and 4 , it can be seen that the relationship between the efficiency of the real estate market and the level of regional economic development in China is contradictory to that in America. In China, those cities with high efficiency and low efficiency are most of the third-tier or below cities, such as Tangshan From the perspective of the relationship between the efficiency and complexity of the real estate market, the performance of Chinese market is consistent with that of American market. It can be seen from Tables 3 and 4 that cities with higher efficiency tend to have lower complexity, and the ranking order is almost the same. In order to clarify the generality of this correlation, we rank the efficiency and complexity and calculate their Spearman order statistical correlation coefficient. en, we obtain the rank correlation coefficient of efficiency and complexity of Chinese real estate market and American real estate market. e correlation coefficients are − 0.975 and − 0.966, respectively, which explains the obvious negative correlation between the efficiency and complexity of the real estate market well.
Conclusions and Suggestions
By the complexity-entropy binary causal plane method, we measure the efficiency and complexity of Chinese and American real estate markets. Our conclusions can be summarized as follows:
(1) Neither 67 main cities' real estate markets in China nor the overall real estate market has reached weak form efficiency. Both the efficiency and complexity vary with each subject. ere is significantly negative correlation relationship between the degree of efficiency and complexity because their Spearman rank correlation coefficient has reached − 0.975. In Chinese cities, those with a high efficiency degree of real estate market are generally second-tier, third-tier, and lower cities, while those with a relatively developed economy such as Beijing, Shanghai, Shenzhen, and Guangzhou show a lower efficiency degree of real estate market and a higher complexity degree. (2) e market efficiency and complexity of the United
States are similar to that of China. Specifically, the real estate market in all states and the overall American market have not reached weak form efficiency. e Spearman rank correlation coefficient between the efficiency and complexity is − 0.966, showing the significant negative correlation. Different from China, the areas with high efficiency degree of American real estate market are basically located in the east and west coasts which are relatively developed and densely populated. On the contrary, the areas with low efficiency are located in the middle with relatively low level of economic development. Moreover, American real estate market is about as efficient as Chinese, but significantly more complex.
Combining the development history of American and Chinese housing finance, it can be found that housing price fluctuation of both countries has close relationship with the enforcement of some housing finance policies. For example, the irrational surges of housing prices over a period are mostly due to the government's efforts to stimulate the economy. ose interventions from government can lead to an excessive prosperity of the real estate market. From the perspective of policy connotation, the more efficient the market is, the less the government's intervention is. e lower degree of efficiency implies the less freedom of the market. In detail, some systems or rules set by the government affect the market's independent regulation. erefore, on the one hand, it is necessary to formulate and implement some innovative regulation policies to guide the development of real estate market; on the other hand, it is required to find out the deficiencies of the current relevant policies and systems and then improve them. According to the conclusions of our study and the achievements of the housing price control policies issued by Chinese and American governments over the years, we put forward following suggestions to improve the efficiency of the real estate market in China:
(1) e government should improve mechanisms to enhance information transparency of the real estate market. If the real estate market is efficient, prices can respond adequately and quickly to other market information. At present, all main cities and the overall real estate market in China have not reached weak form efficiency. is phenomenon indicates that there is information asymmetry in the market and the information transmission mechanism among investors, sellers, and buyers is not perfect. e government can make more detailed rules to help information disclosure in the process of real estate transactions, so as to guarantee the liquidity, accuracy, and timeliness of information. Furthermore, it can reduce the information search cost, guide rational investment, and reduce the possibility of releasing false information by developers and speculators. Only in this way, we can ensure fair real estate market transaction and establish an information disclosure mechanism with openness, fairness, and impartiality to promote the healthy development of housing industry.
(2) e government should advocate both renting a house and buying a house to live in so as to promote the establishment of multilevel housing system. In some developed countries, such as Germany, the rental rate is as high as 58%, but most residents still can live and work happily. e supply of a large number of rental housing has not only increased the well-being of residents but also played an important role in maintaining social stability. is harmonious
